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I- 
One of t h e  major mis s ions  of NASA's Goddard S 
Center  is t k G  management, inc luding  t h e  development, p roduct ion  ''# zci t e s t i c g  of unmanned s a t e l l i t e s  t o  be launched i n t o  t h e  cis- "+-?&I 
l u n a r  space .  
S ince  1959 t h e  Goddard Center has launched i n  e x c e s s  of 
t h i r t y  s a t e l l i t e  mis s ions .  I n  t e r m s  of u s e f u l  l i f e  i n  o r b i t  w e  
have seen  l i f e t i m e s  f o r  s e v e r a l  of these  i n  excess  of one y e a r .  
The e x c e s s  one-year l i f e  s a t e l l i t e s , i n c l u d e  s y s t e m s  such as ,  
TIRQS V I ,  a meteoro log ica l  system, and t h e  O r b i t i n g  S o l a r ' '  
Observa tory ,  a s c i e n t i f i c  s a t e l l i t e  measuring electromagne. t ic  
r a d i a t i o n  from t h e  sun .  Those of  u s  who are f a m i l i a r  w i t h  com- 
p l e x  e l e c t r o n i c  and e lec t ro-mechanica l  d e v i c e s  on ea r th ,  which 
have on t h e  o r d e r  of 5,000 t o  10,000 p a r t s ,  can have some f e e l -  
i n g  f o r  t he  r e l i a b i l i t y  problem which c o n f r o n t s  t h e  space sys -  
t e m  d e s i g n e r  if w e  add t h e  r e s z r a i n t  of no maintenance c a p a b i l -  




is no magic 
The popular  
come t o  t h e  conclus ion ,  and n o t  a l o n e ,  t h a t  t h e r e  
formula or p rocess  which gua ran tees  r e l i a b i l i t y .  
concept  t h k t  " R e l i a b i l i t y  is Everybody's Bus iness"  
I 
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does have m e r i t ,  however, we have to be s u r e  t h a t  t h i s  does 
no t  mean t h a t  everyone f e e l s  t h a t  o t h e r  i n d i v i d u a l s  are t a k i n g  
care of r e l i a b i l i t y ,  b u t  t h a t  there is  a v igorous  and sys t em-  
a t i c  e f f o r t  t o  accomplish i t .  I n  t h e  remarks which fo l low I 
s h a l l  o u t l i n e  f o r  you what w e  a t  Goddard cons ide r  t o  be r e l i -  
a b i l i t y  and d i s c u s s  b r i e f l y  t h e  program e l e m e n t s  by means of 
which w e  hope t o  achieve  i t .  
-
L e t  m e  f i r s t  s ta te  i n  a formal way what  w e  mean b y  such 
t e r m s  as r e l i a b i l i t y ,  assessment  and assurance :  
R e l i a b i l i t y  - The p r o b a b i l i t y  t h a t  a s y s t e m ,  
subsystem, component o r  p a r t  w i l l  perform its 
r e q u i r e d  f u n c t i o n s  under def ined  c o n d i t i o n s  a t  a 
des igna ted  t i m e  and f o r  a s p e c i f i e d  o p e r a t i n g  pe r iod .  
As , a p p l i c a b l e ,  t h e  word "p robab i l i t y"  r e f e r s  t o  a 
q u a n t i t a t i v e  measure o r  t o  t h e  l i k e l i h o o d  of depend- 
able o p e r a t i o n .  
R e l i a b i l i t y  A s s e s s m e n t  - The procedure which 
p rov ides  p r o b a b i l i t y  e s t i m a t e s  of t he  s y s t e m ,  sub- 
s y s t e m  and components a t  app ropr i a t e  s t e p s  of des ign ,  
development acd assembly i n  o r d e r  t o  e v a l u a t e  t h e  
l i k e l i h o o d  of meeting e s t a b l i s h e d  r e l i a b i l i t y  g o a l s .  
R , e l i a b i l i t y  Assurance Program - The ,ethnical 
and management f u n c t i o n s  and ac t io i i s  r e q u i r e d  i n  
order t o  a s s u r e  t h a t  a s y s t e m  performs i n  i t s  
in t ended  manner. 
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Goddard's r e l i a b l l i t y  assurance  pyogram is based on a s y s -  
t e m s  concept  fc-* t h e  whole space s y s t e m ,  namely, t h e  launch 
v e h i c l e ,  t h e  s p a c e c r a f t  and the  ground suppor t  equipmen-8, used 
i n  launching,  o p e r a t i n g  and maintainii?.: -lc;?icles o r  c r a f t  i n  
space .  Also,  it p l a c e s  primary emphasls for t h e  f l i g h t  
a c c e p t a b i l i t y  of t h e  syste::: on an e x p l r i c a l  approach - namely, 
demonstrat ion of t h i s  a c c e p t a b i l i t y  by complete performance 
tes t s  under o p e r a t i n g  cond i t ions  s i m u l a t i n g  t h e  launch and 
space environment.  
The major elexects of t h e  Goddard R e l i a b i l i t y  Assurance 
Program are t h e  fo l lowing:  R e l i a b i l i t y  assessment ,  q u a l i t y  
a s su rance ,  and environmental  t e s t s .  The emergency of t h e s e  as  
major e lements  of a R e l i a b i l i t y  Assurance Program h a s  r e s u l t e d  
from t h e  expe r i ence  and knowledge gained by t h e  Center  from i ts  
space  programs. These programs have been almost e n t i r e l y  
r e s e a r c h  and development e f f o r t s ,  wi th  very  l i m i t e d  p roduc t ion ,  
which r e q u i r e  a unique and s p e c i a l i z e d  approach t o  r e l i a b i l i t y  
a s su rance .  
The fo l lowing  r e p r e s e n t s  t h e  formal  p o l i c y  f o r  Goddard: 
A R e l i a b i l i t y  Assurance Program s h a l l  be a 
r e q u i r e d  element of each pro jec t  development p l a n .  
A l l  space  s y s t e m s  under Goddard management s h a l l  
have a R e l i a b i l i t y  Assurance Program Plan  d e f i n e d  
i n  w r i t i n g ,  t h e  execu t ion  of wh ich  s h a l l  be t h e  




I .  
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R e l i a b i l i t y  AssuraTce Program Plai: s h a l l  be pre-  
pared by t h e  P r o j e c t  Nazager a s  p a r t  of h i s  r e g u l a r  
t e c h c i c a l  ar,d managemert r e s p o n s i b i l i t i e s .  
RELIABILITY ASSYRANCE PR,OGRAM E L E M E E S  
The fo l lowing  r e p r e s e c t  t he  major elemer?ts of Goddard's 
r e l i a b i l i t y  program: 
a .  Design Goals f o r  R e l i a b i l i t y  Assurance 
A d e f i n i t e  mifiimum r e l i a b i l i t y  goa l  s h a l l  
be s p e c i f i e d  a s  p a r t  of t h e  des ign  requi rements  
f o r  a s y s t e m .  T h i s  w i l l  u s u a l l y  t a k e  t h e  form 
of s p e e i f  i e d  q u a n t i t a t i v e  requirements  t h 2 t  t h e  
s y s t e m  w i l l  perform s a t i s f a c t o r i l y  f o r  a given 
l e n g t h  of t i m e  under expected o p e r a t i n g  c o n d i t i o n s .  
Requiremects on subsystems, experiments  and ope ra t -  
i n g  f u n c t i o n s  s h a l l  be s p e c i f i e d  a s  a p p r o p r i a t e .  
For a l l  requi rements ,  t h e  c r i t e r i a  f o r  s a t i s f a c t o r y  
performance s h a l l  be defilzed. 
b .  System Design Review f o r  R e l i a b i l i t y  Assurance 
The Center  cor,ducts formal  reviews of t h e  
des ign  f o r  a l l  f a c t o r s  a f f e c t i n g  r e l i a b i l i t y  
a s su rance .  These reviews s h a l l  be performed a t  
t i m e s  s p e c i f i e d .  The f i r s t  major review s h a l l  be 
performed as  soon a s  t h e  s y s t e m  des ign  concep t s  
are f i r m l y  e s t a b l i s h e d ,  and s h a l l  ificlude a 
numerical  r e l i a b i l i t y  assessment of t h e  system 
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C .  
and e s t a b l i s h  r e l i a b i l i t y  ~021s f o r  t h e  sub- 
s y s t e m s  and comporents. The secofid major review 
is  t o  be performed when t h e  more d e t a i l e d  des ign  
of a l l  subsystems hzs been corr,_nle-;zd as< is z o  
i c c l u d e  a f a i l u r e  mode aralysis f o r  211 i t e m s  of 
%he s y s t e m .  Supplement.ary reviews Fccluding 
assessments  s h a l l  be performed a t  t h e  r e q u e s t  of 
t h e  P r o j e c t  Manager o r  when necessary  a s  changes 
i n  t h e  s y s t e m  or subsystem des ign  occur  and 
r e s u l t s  of t e s t s  and f a i l u r e  r e p o r t s  become a v a i l -  
a b l e .  
Design Documents 
The s y s t e m  s h a l l  be completely described b y  
means of drawings,  p a r t s  l ists, w i r i n g  diagrams,  
azd s p e c i f i c a t i o n s  t o  ensure  t h a t  t h e  p ro to type  
models are f a b r i c a t e d  i n  accordance w i t h  t h e  
i n t e a t i o n s  of t h e  design e n g i n e e r s ,  and a l s o  t o  
s e r v e  a s  a permanent record  of t h e  p r o j e c t ,  
F l i g h t  models s h a l l  be f a b r i c a t e d  i n  accordance 
w i t h  t h e  q u a l i f i e d  design documents. These 
documents s h a l l  be main ta i r ,ed  t o  r e f l e c t  a l l  
changes i n  t h e  f l i g h t  hardware. The c h a r a c i e r i s -  
t i c s  of a l l  materials and cornsocents used shzll 
be adequate ly  s p e c i f i e d .  Acze2tacce c r i t e r i a  f o r  
a l l  materials,  p a r t s ,  subsystems, and t h e  com- 
p l e t e  s y s t e m  s h a l l  be e s t a b l i s h e d  and s ta ted i n  
._ - 
b 
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t h e  des ign  documents. The acceptance c r i t e r i a  
f o r  p a r t s  and ma”,erials s h a l l  be s p e c i f i e d  by  
r e f e r e z c e  t o  s t a ~ d z r d  speci.?icazrocs . .  where 
a p p l i c a b l e .  These s p e c i i i c  02s x z y  be 3JASA, 
m i l i t a r y ,  o t h e r  governmectcl or c o n t r a c t o r -  
o r i g i c a t e d .  
d .  P r e f e r r e d  Materials 
Design documents s h a l l  s p e c i f y  t h e  use  of 
p r e f e r r e d  materials and p a r t s .  P r e f e r r e d  
m a t e r i a l s  are de f ined  a s  those  which hzve been 
thoroughly q u a l i f i e d  by  t es t s  ar,d o p e r a t i o n a l  use 
and are known t o  be capable  of provid ing  r e l i a b l e  
performance under t h e  enviromnental  stresses 
expec ted .  
I n  t h e  case of p a r t s  such a s  t r a n s i s t o r s ,  
r e s i s t o r s ,  c a p a c i t o r s ,  e t c . ,  lists of p r e f e r r e d  
and approved p a r t s  produced by  q u a l i f i e d  manu- 
f a c t x r e r s  s h a l l  be e s t a b l i s h e d  t o  ass i s t  
d e s i g n e r s  i n  s e l e c t f p g  p a r t s  of known r e l i a b i l i t y .  
C r i t i c a l  parts  s h a l l  be manufactured under con- 
d i t i o n s  of r i g i d  q u a l i t y  c o n t r o l  i n  accordance 
w i t h  s p e c i f i c a t i o n s  approved by GSFC o r  o t h e r  
sowces accep tab le  t o  C-oddard. Acceptance 
c r i t e r i a  f o r  a l l  p a r t s  s h a l l  c o n t a i n  e l e c t r i c a l ,  
mechanical and r e l i a b i l i t y  requi rements .  
- 7 -  
e .  P r e f e r r e d  P r a c t i c e s  
~~ 
P r e f e r r e d  p r a c t i c e s  s h a l l  be u t i l i z e d  on a l l  
p r o j e c t s  and should  ir,clude t h e  fo l lowing :  
(1) S e l e c t i o n  of components z d  ? a r t s  based  on 
r e l i a b i l i t y  h i s t o r i e s  and d e r z t i n g  c u r v e s .  
( 2 )  U s e  of s p e c i f i e d  s a f e t y  margins .  
( 3 )  S i m p l i f i c a t i o n  wi thout  l o s s  of e f f e c t i v e n e s s .  
(4) Redundancy a s  r e q u i r e d  t o  m e e t  r e l i a b i l i t y  
g o a l s .  
(5) App l i ca t ion  of f a i l - s a f e  d e v i c e s .  
(6) Cons ide ra t ion  of degrada t ion  e f f e c t s .  
(7) U s e  of approved des ign  s t a n d a r d s .  
(8) P r e f e r r e d  p r a c t i c e s  f o r  methods of cons t ruc -  
t i o n ,  w i r ing  and handl ing  of equipment.  
(9)  Development of  p r a c t i c e s  which dec rease  t h e  
p o s s i b i l i t y  of human e r r o r .  
(10) A t  plarzned s t a g e s  of f a b r i c a z i o n  and assembly, 
q u a l i t y  c o n t r o l  checks t o  e n s u r e  t h a t  a i l  
d e s i g n  requi rements  are m e t .  
(11) S e r i a l i z a t i o n  and s t o r a g e  cont ro , .  
(12)  An i n t e n s i v e  e f f o r t  d i r e c t e d  toward removal 
of a l l  s o u r c e s  of human-induced f a i l u r e s  
from t h e  system. 
(13) Prov ide  system c h a r a c t e r i s t l c s  f o r  f a b r i c a t i o n ,  
hal idl ing and ope ra t ion  wi th  maximum l a c i l i t y  
and minimum hazard- t o  personfie1 and equipment.  
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f .  Workoarship 
High s t a n d a r d s  of workrnanship s h a l l  be main- 
%ained  by i n c l u d i n g ,  a s  a minimum, t h e  fo l lowing  
a c t i o n s  : 
(1)  Se t t i r i g  up d e f i c i t e  s - ,andar i s .  
(2) Provid ing  t h e  t r a i n i n g  (classroom or on-the-job) 
cecessary t o  enable  p e r s o m e l  t o  meet t h e s e  
s t a n d a r d s .  
( 3 )  I n s t i t u t i n g  q c z l i t y  c o n t r o l s  t o  ensu re  t h a t  
t h e  s'afidards a r e  achieved .  
(4) Requir ing a l l  i tems havicg s p e c i f i e d  
a t t r i b u t e s  t o  be c e r t i f i e d  as accep tab le  be fo re  
p rogres s ing  t o  next  l e v e l  of assembly. 
r? g .  eestizlg 
A complete t es t  program f o r  each p r o j e c t  
s h a l l  be e s t a b l i s h e d  and t h e  doccmentation 
s a e c i f i e d .  I t  s h a l l  i nc lude ,  bEt n o t  be l i m i t e d  
t o  eng inee r ing ,  performance, enviromnental  and 
l i f e  t e s t s  of t h e  systein and s u b s y s t e m .  T e s t s  
s h a l l  be performed on a complete s p a c e c r a f t  s y s t e m  
i n c l u d i n g  d a t a  a c q u i s i t i o n ,  reductio: acd a n a l y s i s  
equipment a s  e a r l y  as  p o s s i b l e  t o  determine t h e  
c h a r a c t e r i s t i c s  of t h e  i r tegrar led  s y s t e m .  T e s t s  
s h a l l  s imu la t e  a l l  s i g n i f  ican-i stress c o n d i t i . .  2s 
imposed on t h e  s p a c e c r a f t  du r ing  handl ing ,  t r a n s -  
? o r t a t i o n ,  launch and space f l l g h t  o r  ope- -a t iona l  
J 
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use .  P r i o r  t o  s ta r t  of s y s t e m s  t e s t  a review of 
subsystem test  exper ience  ( l o g  books, r e p o r t s ,  
e t c . )  s h a l l  be conducted. 
P ro to type  models s h a l l  be s u b j e c t e d  t o  stress 
l e v e l s  s i g n i f i c a n t l y  h igher  t han  those  normally 
expec ted ;  namely,  150% u n l e s s  t h e  tes t  p l an  is 
s p e c i f i c a l l y  approved. A l l  f l i g h t  models s h a l l  
be t e s t e d  a t  stress l e v e l s  r e p r e s e n t i n g  t h e  
maximum t h a t  w i l l  be encountered under normal 
p r e - f l i g h t  and f l i g h t  c o n d i t i o n s .  
L i f e  tests on subsystems s h a l l  be of maximum 
p o s s i b l e  d u r a t i o n  to  establ ish w i t h  a r easonab le  
degree of confidence t h e  a b i l i t y  of t h e  equipment 
t o  o p e r a t e  wi thout  f a i l u r e  f o r  t h e  s p e c i f i e d  
pe r iod  of t i m e  . 
h. Design  Q u a l i f i c a t i o n  and F’riaht Acce~tance 
A formal  a l l - sys t ems  review s h a l l  be conducted 
fo l lowing  t h e  completion of t h e  des ign  q u a l i f i c a t i o n  
(p ro to type )  and f l i g h t  acceptance  t e s t  programs 
examining a l l  t es t ,  c a l i b r a t i o n ,  f a i l u r e  a n a l y s i s  
and c o r r e c t i o n  d a t a ,  and a l l  o t h e r  in format ion  
p e r t i n e n t  t o  t h e  space s y s t e m s .  The P r o j e c t  
Manager shall c e r t i f y  t h e  a c c e p t a b i l i t y  of the 
s p a c e c r a f t  s y s t e m  a t  a l l  t i m e s .  
r 
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i. F a i l u r e  ReDortina.  Analvs is  and Feedback 
A program of f a i l u r e  a n a l y s i s  and feedback 
s h a l l  i n c l u d e  t h e  fo l lowing:  
(1) There s h a l l  be established a f a i l u r e  r e p o r t -  
i n g  s y s t e m  so t h a t  a l l  f a i l u r e s  which occur  
du r ing  p r o t o t y p e ,  f l i g h t  systems and sub- 
systems t e s t i n g  s h a l l  be documented and 
analyzed t o  determine t h e  cause  of t h e  
f a i l u r e .  
(2) A detailed h i s t o r y  f o r  each space system 
launched sha l l  be p repa red ,  a s  p a r t  of the 
p r o j e c t  r e p o r t ,  l i s t i n g  t h e  c a u s e ( s )  f o r  
a l l  known f a i l u r e s  and t h e  estimated t i m e  
after launch t h a t  t h e  f a i l u r e  occur red .  
The c o r r e c t i v e  a c t i o n  recommended sha l l  be 
s ta ted  SO that recui*reilce of the failure 
on similar succeeding equipments sha l l  be  
minimized. 
(3) A feedback program based on f a i l u r e  
a n a l y s e s  sha l l  be established and u t i l i z e d  
t o  prevent  r e p e t i t i v e  f a i l u r e s .  
j .  Independent r e l i a b i l i t y  c o n t r a c t o r s  may be 
employed t o  assist i n  performing any or a l l  of 
t he  e l emen t s  enumerated above. Such independent  
c o n t r a c t o r s  s h a l l  a c t  s o l e l y  i n  an a d v i s o r y  and 
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c o n s u l t i n g  c a p a c i t y  t o  t h e  P r o j e c t  Manager and 
s h a l l  have no r e s p o n s i b i l i t y  o r  a u t h o r i t y  f o r  
t h e  R e l i a b i l i t y  Assurance Program. 
I n  c l o s i n g ,  l e t  m e  emphasize t h a t  t h e  above o u t l i n e d  
program is  no t  a panacea f o r  a l l  r e l i a b i l i t y  problems. A 
program f o r  one p a r t i c u l a r  a p p l i c a t i o n  may n o t  be u s e f u l  i n  
ano the r .  For space systems of  t h e  k ind  Goddard is  concerned 
w i t h ,  t h e  road ahead c o n s i s t s  of i n c r e a s i n g l y  more complex 
s y s t e m s  and l o n g - l i f e  requirements  c o n s i s t i n g  of 3 t o  5 years 
of s a t i s f a c t o r y  o p e r a t i o n  i n  t h e  space environment,  I n  
a d d i t i o n ,  there is nc t h e  t o  develop reliability growth over 
a long  development c y c l e  - r e l i a b i l i t y  must be a t  its maximum 
w i t h  t h e  f i r s t  launch fo r  each and every  space  experiment for 
r e a s o n s  of s a f e t y ,  t i m e  and cost  c o n s i d e r a t i o n s .  
